Introduction
The need for controlling diseases using modern medical scientific methods is a very important matter. New treatments for various diseases are continuously being suggested. However, the vast majority of treatments currently being proposed require the use of drugs and surgery. These treatments are often subject to numerous side effects, while at the same time offering relief for many patients. To deal with these issues, a variety of alternative medicines have been, over the years, utilized for the treatment of these diseases and conditions. [1] [2] As an example, in the field of psychiatry, Neurofeedback is being used as a therapeutic technique to minimize the side effects of treatment using drugs and surgery, and various clinical results have been suggested for this treatment. In these trials, patients attempt to treat themselves by attempting to learn how to bring their brain activity back to a "normal" state using their own efforts. However, people who use Neurofeedback for the first time tend to have trouble mastering the way to control the activation state of their brains and the treatment tends not to go smoothly, thus, the need to find a solution to this problem is evident [3] [4] [5] [6] [7] [8] . In this regard, various studies are underway to find improved therapeutic methods like Neurofeedback therapy techniques that utilize external stimuli, such as audio-visual stimulation. External stimuli, such as light and sound, are recognized in the brain through the sensory organs and induce a change in the activation state of the brain. If the changes in the brain after having been activated by light and sound can be analyzed accurately, they could be used systematically as a method to change and control the brain activation states in many other fields, not only Neurofeedback. The external stimulus approach utilizing light and sound has two problems. First, light and sound might not only be exposed to the patient in need of treatment, but also to others nearby who do not welcome this stimuli. Second, since light and sound passes through the sense organs before being recognized in the cerebrum, the same stimulation can induce various forms of brain activation states in response to the patient. The sensory organ characteristics of each person are different, and when these properties are in conjunction with external stimuli, there are bound to be variations. In addition to the limitations of application fields and available places, it is difficult to select the external stimulus to draw results with uniform algorithms due to these problems. These elements inhibit practical applications like commercialization. In this paper, in order to solve these problems fundamentally, we have conducted experiments and analyzed utilizing stimuli in the ultrasound bandwidth that can minimize the effect of human sensory organs, and can induce changes in the brain activation state directly. There has been research that has shown auditory stimulation of the ultrasound bandwidth directly stimulates the inner ear and affects the activation state changes to the cerebrum, but there are no specific research results that have been compared and analyzed with auditory stimulus in the audible frequency [9] [10] [11] [12] [13] . If comparative study and analysis of the specific characteristics associated with auditory stimuli of ultrasonic and audible frequency bands is conducted successfully, the research could suggest auditory stimuli that could replace audible auditory stimuli and could solve various problems caused by using the audible auditory stimuli. In this paper, in order to fundamentally solve changes in cerebral activation state due to differences in sound sources, we have converted sound sources, recorded in audio and ultrasound frequencies and provided to the subjects, and analyzed the similarity and differentiation of the changes in the activation state of the user's brain. We have thoroughly designed this research to ensure that the results can be practically used in a variety of different fields.
Experimental Design

Experimental Environments
In this study, in order to analyze the changes of cerebral activation states using a sound source of an audio frequency band and the ultrasonic bandwidth, we have conFigured an experimental environment as shown in Figure 1 below. The ultrasound sources which were used in the experiment were prepared by converting audible sound sources into 3 ranges (20, 30, and 40KHz) and were sequentially presented to the subjects who participated in the experiment described in Figure 1 below. 
Figure 1. Experimental Environment
In order to analyze the effect of auditory stimulation on the changes in the brain activity of subjects, this study has selected healthy men and women in their 20's as subject groups. The experiment was conducted with a total of 150 subjects, so that statistical reliability was ensured. First, we analyzed changes in the cerebrum activation condition after participants (there were 45 men and 46 women used in this particular experiment) listened to sounds in the audio frequency band. Sixty subjects (evenly divided between male and female) were recruited and participated in the experiment to analyze the changes in the cerebrum activation condition, and they listened to the same sound, but which had been converted into the ultrasonic bandwidth. This group was further divided into three groups based on bandwidth (20, 30, and 40KHz) (10 men and 10 women for each group).
Stimulus Sound Source Selection and Electroencephalogram Extraction
The type of auditory stimulus that was used in the experiment is popular. To prevent losses owing to lyrics damaged during tempo conversion, the selected music was played with a single instrument. In order to analyze the stable state in the relaxed state, Beethoven's Pathetique 2nd Movement was selected, since it was composed in a major key, and has a tempo similar to that of a human heartbeat. The original music which was used in this experiment has been converted from a major key to a minor key to induce changes in the emotions of the listeners, and a comparative analysis has also been carried out. In order to analyze the effect of tension through tempo change, we had the subjects listen to music 20% faster than normal, and 20% slower than normal.
We used the same sound source in the audible frequency bandwidth for ultrasound bandwidth in order to minimize the variables of the changes in emotion emanating from changes in stimuli. In addition, in order to induce mood swings, nervousness, and other emotions, conversion between major and minor keys, and tempo changes, were performed in the same manner as the sound source of the audio frequency band. Table 1 indicates the auditory stimulation sources used in this experiment. When converting the original sound source into the ultrasonic band, we used a sound generator and an oscilloscope to ensure accuracy. After converting the 100hz signal output from the sound generator to the ultrasonic bandwidth, the conversion to the output value of the oscilloscope 20khz, 30khz, and 40khz sharp was performed to the stimulation source of the audible frequency band.
Electrode arrangement for the electroencephalogram extraction follows the 10-20 international electrode placement. In this experiment, the electroencephalogram signal was extracted from 8 points (F7, F8, T3, T4, T5, T6, O1, O2) at a sampling of 256Hz and brain waves from 4 points (T3, T4, O1, O2) in a close correlation with audio-visual stimulus were analyzed.
Experiments and Results
In this study, we have suggested a new analysis method based on frequency characteristics of EEG spectra in the emotions, which analyzed the four emotional states of humans, by M. B. Kostyunina and M. A. Kulikov [14] [15] to analyze the impact of auditory stimulation sources in the audible frequency band and the ultrasound band on the cerebrum activation state. According to the reference, to classify the four emotional states (Joy, Anger, Fear, Sorrow) in humans, the frequency bandwidth value with the peak energy value among the EEG spectrum, belonging to the alpha band, and the distribution of the baseline state were analyzed and the results show that frequency bandwidth where peak energy is placed changes depending on the changes of emotional state. For the classification of emotional states, the reference measured the brain waves at 10 points of F3, F4, C3, C4, T3, T4, P3, P4, O1, O2 and was utilized in the analysis. In this study, we have utilized frequency bandwidth location, which has peak energy in the alpha band, at 4-points of T3, T4, O1, and O2 strongly correlated with audio-visual stimulus, and energy value in baseline. Figure 2 shows the classification criteria of the emotional state which is newly proposed in this study. Figure 2 shows the frequency band where the alpha-band peak energy is located and frequency band in the steady-state for classifying emotional state proposed in this paper. As shown in Figure 2 , in this study, if the frequency bandwidths where the baseline peak energy is located, they are included from 10.76 to 11.2 for T3, from 10.32 to 10.9 for T4, from 10.68 to 11.16 for O1, from 10.61 to 11.07 for O2, classification of the four emotional states is carried out. If the frequency band of the baseline peak energy does not exist in the range, the classification of the emotional state is not carried out. Taking as an example joy, among the four emotions from Figure 3 , after the frequency band of the baseline peak energy has satisfied the condition, if the alpha-band peak energy of the subject at T3 point has been included from 10.86 to 11.03Hz and that of T4 point has also been included from 11.2 to 11.24Hz, the emotion of the subject will be classified as joy in this study. Similarly, in the case of anger, after the frequency band of the baseline peak energy has satisfied the condition, if the alpha-band peak energy of the subject at four points has been included in the right range, the emotion of the subject will be classified as anger (10.78 ≤ T3 ≤10.86, 10.56 ≤ T4 ≤10.7, 11.27 ≤ O1 ≤11.34, 11.2 ≤ O2 ≤11.28). For fear, T4 and O1 points are used for the classification. The alpha-band peak energy of the subject at T4 point should be included from 10.02 to 10.47Hz and that of O1 should be included from 10.47 to 10.69Hz. For sorrow, 3 points, except T3, are used (9.32 ≤ T4 ≤9.63, 8.29 ≤ O1 ≤10.35, 10.07 ≤ O2 ≤10.32) For both fear and sorrow, the frequency band location of the baseline peak energy must satisfy the condition.
The analysis results of the brain waves, which were collected using the above algorithm proposed in this study shows that some distributions of the alpha-band peak energy in the baseline condition have not satisfied the conditions. In order to compensate for this condition, correction values corresponding to the deviation have been used. For the correction value, the reciprocal of the distance value between the alpha-band peak distribution in the baseline condition and the alpha-band peak distribution of the subjects who participated in this study was used. The reciprocal of the distance value of a logarithmic scale, known as suitable for characteristics of the human sense organs has been used and the analysis has been performed simultaneously. Through the comparative analysis of the classification using common distance values and a log scale, this study has tried to present an auditory stimulation technique that can lead to changes in the cerebral activation state by minimizing the deviation of the human senses. Table 2 shows the classification results of men and women subject's emotions. The subjects listened to sound stimulation in the audible frequency bandwidth, and emotional state classification methods and the reciprocal correction of the distance values in the baseline state were used to obtain the results. According to the experimental results, the emotional states of 45 male subjects were classified into joy, anger, fear, and sorrow, respectively 2, 5, 10, and 28, when they listened to the music, which was played at a rate 20% slower than the original. When they listened to the original music, the results were classified into 2, 3, 20, and 20 respectively. After they listened to the original song 20% faster, the results were classified into 2, 3, 20, and 20 respectively. When they listened to the music, which was converted from a major key to a minor key in 3 different tempos, the results were classified as follows (20% slower: 0, 2,12, and 31, Original: 0, 2, 9, and 34, 20% faster: 1, 1, 19, and 24). In addition, the same experiment was performed on female subjects in the same way as male subjects, and the results were classified as follows (Major-20% (b) Emotional state classification of female subject according to the stimulus sound source in audible frequency bandwidth (Log scale applies to major-minor conversion, tempo conversion, and reciprocal of the distance value)
To exclude the effect caused by the sensory organs' characteristics, the reciprocal of the distance value of the log scale was applied to the results in Table 2 . It can be seen that the classification results in Table 3 are slightly different from the results shown in Table 2 . Figure 3 shows the rate of change of the correction results using the reciprocal of the distance value and Figure 4 indicates the rate of change of the correction results using the log scale for the reciprocal of the distance value. Table 4 shows the emotional state classification of male and female subjects, after listening to ultrasonic stimulus sound sources, which were converted into 3 types (lowest auditory frequency band: 20 kHz, 30 kHz, and 40 kHz) by using the same stimulus sound source in the audible frequency bandwidth used in the experiment of Table 2 . Table 4 shows the classification results that used the emotional state classification method, and the reciprocal correction of the distance value in the baseline state, which were suggested in this study. To exclude the effect caused by the sensory organs' characteristics, the reciprocal of the distance value of the log scale was applied to the results in Table 4 and the results are shown in Table 5 . Figures 5 and 6 show the emotional change rate in response to the auditory stimuli in 3 types of ultrasonic bands and the stimulation source music was also converted between major and minor keys and playback speed was also changed. Figure 5 shows the rate of change of the correction results using the reciprocal of the distance value and Figure 6 shows the rate of change of the correction results using the log scale for the reciprocal of the distance value.
When comparing Figure 3 and 4 and Figure 5 and 6 respectively, there are the obvious differences between Figure 3 and 4. However, the results between Figure 5 and 6 are very similar, except the results from the 20KHz bandwidth. This means that for the auditory stimuli source of the audio frequency band, the results from general classification methods and classification methods utilizing the log scale to reflect the human sensory characteristic differences are obviously different. On the other hand, for the auditory stimuli source of the ultrasonic band, the results from those two methods are practically the same. In other words, the auditory stimuli source of the ultrasonic band does not reflect individual's unique physical characteristics and it directly affects the cerebral activation state change via direct stimulation to the inner ear.
Conclusion
Based on the results of this experiment, we have discovered that auditory stimuli can induce changes in cerebral activation states and emotional states. The results were somewhat different from the commonly accepted belief that music in major keys provides a bright, upbeat feeling, whereas minor keys casts a somewhat darker mood. Additionally, fast tempo music creates tension, but slow music is more depressing, and music which is similar to the heart rate gives the listener ease and comfort.
The most meaningful result from this study is that auditory stimulation sounds of the audio frequency band are reflected by the different characteristics of human sensory organs before the stimulus induces changes in brain activation states and emotional states. The auditory stimulation of the ultrasonic bandwidth reflects the minimized individual sensory characteristics, and induces changes in brain activation states and emotional states through direct stimulation to the inner ear.
In particular, for the auditory stimulation of the ultrasonic bandwidth at 20KHz, which is the boundary between the audible frequency and the ultrasonic band, it could be judged that reflecting characteristics of sensory organs and not reflecting cases are mixed at this 20KHz bandwidth. These results clearly appear through the change rate of emotional states influenced by auditory stimuli of the ultrasonic bandwidth at 20 KHz in Figures 5  and 6 .
Considering the results of this study, when implementing a service to induce changes in brain activation states and emotional states by using auditory stimuli, it would be more effective to use auditory stimuli in the ultrasonic band rather than in the audio frequency band. Since the auditory stimuli in ultrasonic band can be delivered to the brain without reflecting sensory organ characteristics of each individuals, it does not require implementing the characteristic functions of a variety of forms and uniform outcomes can be achieved with consistent algorithms.
